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Abstract
Background: The success of initiatives intended to increase the value of health care depends, in part, on the
degree to which cost-conscious care is endorsed by current and future physicians. This study aimed to first analyze
attitudes of U.S. physicians by age and then compare the attitudes of physicians and medical students.
Methods: A paper survey was mailed in mid-2012 to 3897 practicing physicians randomly selected from the
American Medical Association Masterfile. An electronic survey was sent in early 2015 to all 5,992 students at 10 U.
S. medical schools. Survey items measured attitudes toward cost-conscious care and perceived responsibility for
reducing healthcare costs. Physician responses were first compared across age groups (30–40 years, 41–50 years,
51–60 years, and > 60 years) and then compared to student responses using Chi square tests and logistic regression
analyses (controlling for sex).
Results: A total of 2,556 physicians (65%) and 3395 students (57%) responded. Physician attitudes generally did not
differ by age, but differed significantly from those of students. Specifically, students were more likely than physicians to
agree that cost to society should be important in treatment decisions (p < 0.001) and that physicians should sometimes
deny beneficial but costly services (p < 0.001). Students were less likely to agree that it is unfair to ask physicians to be
cost-conscious while prioritizing patient welfare (p < 0.001). Compared to physicians, students assigned more
responsibility for reducing healthcare costs to hospitals and health systems (p < 0.001) and less responsibility
to lawyers (p < 0.001) and patients (p < 0.001). Nearly all significant differences persisted after controlling for
sex and when only the youngest physicians were compared to students.
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Conclusions: Physician attitudes toward cost-conscious care are similar across age groups. However, physician
attitudes differ significantly from medical students, even among the youngest physicians most proximate to
students in age. Medical student responses suggest they are more accepting of cost-conscious care than physicians
and attribute more responsibility for reducing costs to organizations and systems rather than individuals. This may be
due to the combined effects of generational differences, new medical school curricula, students’ relative inexperience
providing cost-conscious care within complex healthcare systems, and the rapidly evolving U.S. healthcare system.
Keywords: Cost-conscious care, High value cost-conscious care, High value care, Value-based health care, Healthcare
costs, Health care costs, Undergraduate medical education, National survey, Cohort effect, Generational differences,
Background
Healthcare costs are growing at unsustainable rates, espe-
cially in the United States (U.S.) where spending on
healthcare reached $3.2 trillion in 2015. [1, 2] This
accounts for more than 17% of the U.S. economy, [2] with
additional increases projected due to expanded insurance
coverage and an aging population. [3] Increasing costs
threaten the financial sustainability of the U.S. healthcare
system, [1, 4] prevent allocation of resources to other im-
portant societal needs, [1] and often burden patients with
significant out-of-pocket expenses. [5, 6] Data like these
have galvanized the high-value, cost-conscious care move-
ment [7] with numerous calls to reduce waste, [8] con-
sider the financial impact of care decisions, [9, 10]
increase cost transparency, [11, 12] reimburse physicians
for value rather than volume, [13] and equip medical
trainees with the knowledge, attitudes, and skills they will
need to practice cost-conscious care. [7, 14]
Physician attitudes are a key driver of overuse (the
provision of healthcare services for which there is no
medical basis or for which harms equal or exceed bene-
fits), [15–17] which increases costs and undermines the
quality of care. [8, 16] This is evidenced by multiple
studies demonstrating that physician attitudes and be-
liefs are associated with their utilization of healthcare
services. [18–21] Data further suggest that younger, less
experienced physicians tend to provide more expensive
care than older, more experienced physicians. [22] This
could in part reflect age-related differences in attitudes
toward cost-conscious care, which is of particular
importance given the aging physician workforce. [23]
However, the degree to which physician attitudes vary by
age is unknown.
A better understanding of physician attitudes toward
cost-conscious care is critical, as the success of resulting
cost-conscious care initiatives (such as the “Choosing
Wisely” campaign [24]) depends, in part, on the extent
to which they are embraced and endorsed by current
and future physicians. The attitudes and behaviors of
practicing physicians also play a large role in shaping the
learning environment medical students encounter with
respect to cost-conscious care. [25] Students, in turn,
must reconcile their attitudes toward cost-conscious care
with those of their supervisors as part of their profes-
sional identity formation process. [26] Prior studies have
examined attitudes toward cost-conscious care among
U.S. physicians [27–29] and medical students. [25] How-
ever, only limited attempts have been made to compare
attitudes among these groups. [30]
In this study, we aimed to address these gaps by ana-
lyzing the attitudes of U.S. physicians by age and then
comparing physician attitudes with those of medical
students. The results can inform cost containment
efforts targeting physicians in practice, as well as initia-
tives in medical education intended to promote
cost-conscious care among faculty and students.
Methods
Study design
We conducted a secondary analysis of data from the
Physicians, Healthcare Costs, and Society survey admin-
istered in mid-2012 [28, 31, 32] and the Medical Student
Attitudes Toward and Experiences with Cost-Conscious
Care survey administered in early 2015. [25]
Ethics and consent
The Mayo Clinic Institutional Review Board deemed the
Physicians, Healthcare Costs, and Society survey study ex-
empt. The institutional review boards of each participating
school exempted or approved the Medical Student Atti-
tudes Toward and Experiences with Cost-Conscious Care
survey study. Consent for both was implied upon survey
completion.
Participants and data collection
Practicing physician sample
As previously described, [28] three of us (JCT, MKW, SDG)
mailed a self-administered paper survey between May 1 and
July 31, 2012 to 3897 practicing physicians randomly
selected from the AMA Physician Masterfile. The AMA
Physician Masterfile is the most comprehensive listing of
U.S. physicians and is independent of AMA membership.
[33] This sample included physicians from all specialties
except those whose primary specialty was listed as
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administration only. The first survey mailing included a $20
bill. Two additional mailings were sent to non-respondents
at six-week intervals.
Medical student sample
As previously reported, [25] we surveyed all 5992 stu-
dents at 10 U.S. medical schools between January 1,
2015 and March 31, 2015. Participating schools included
the Warren Alpert Medical School of Brown University;
Brody School of Medicine at East Carolina University;
University of California, San Francisco School of
Medicine; University of California, Davis School of
Medicine; Indiana University School of Medicine, Mayo
Medical School; University of Michigan Medical School;
Oregon Health & Science University School of Medicine;
Pennsylvania State University College of Medicine; and
Vanderbilt University School of Medicine. These schools
were recruited through the American Medical Associ-
ation (AMA) Accelerating Change in Medical Education
consortium [34] and vary with respect to geographic re-
gion, public/private status, class size, and mission.
Medical students received an email invitation to partici-
pate in the study along with a link to the survey. We
sent up to three reminders to non-respondents. Partici-
pation was voluntary, and all responses were anonym-
ous. Students at nine schools were offered an
opportunity to enter a lottery to win a $250 cash card as
an incentive for participation; one school did not allow
an incentive.
Study measures
The physician and medical student surveys both con-
tained items measuring attitudes toward cost-conscious
care and perceived responsibility for reducing healthcare
costs. As previously described, survey items were pilot
tested with both physicians [28] and medical students
[25] prior to administration with revisions based on their
feedback. Items assessing respondents’ attitudes toward
cost-conscious care were derived from peer-reviewed
publications, including a Cost-Consciousness Scale (e.g.,
“Trying to contain costs is the responsibility of every
physician”), [27] the Agreement with Rationing Scale
(e.g., “Cost to society should be important in physician
decisions to use or not to use an intervention”), [35] and
a Stewardship Scale developed by the American Medical
Association’s Institute for Ethics (e.g., “Physicians should
try not to think about the cost to the healthcare system
when making treatment decisions” [reverse scored]).
[28] Additional items were developed based on a litera-
ture review and focus groups with physicians (e.g., “Phy-
sicians should be solely devoted to individual patients’
best interests, even if that is expensive”), as previously
described. [28] These peer-reviewed publications include
reliability and validity evidence supporting the use of
these items to measure physician attitudes toward
cost-conscious care. [27, 28, 35] Some items were modi-
fied slightly to make them appropriate for medical stu-
dents (e.g., changing “I should” to “physicians should”).
Respondents were asked to indicate their extent of agree-
ment on a four-point Likert scale (1 = strongly disagree, 2
=moderately disagree, 3 =moderately agree, 4 = strongly
agree).
Nine items asked respondents to indicate their views
on the perceived responsibility of different stakeholder
groups (health insurance companies, hospitals and
health systems, pharmaceutical and device manufac-
turers, government, physician professional societies, em-
ployers, trial lawyers, patients, and individual practicing
physicians) for reducing healthcare costs using a
three-point Likert scale (1 = no responsibility, 2 = some
responsibility, 3 =major responsibility). These items
were developed for the physician survey based on a lit-
erature review and focus groups with physicians. [28]
Data analysis
Response rates were reported using the American Asso-
ciation for Public Opinion Research RR2 response rate
definition. [36] Items measuring attitudes toward
cost-conscious care were dichotomized as moderately/
strongly agree vs. moderately/strongly disagree. Items
measuring perceived responsibility for reducing health-
care costs were dichotomized as major responsibility vs.
some/no responsibility to approximate the mid-point of
the distribution of survey responses to these items. De-
scriptive summary statistics were reported as frequencies
with percentages. Pearson chi square tests were used to
evaluate unadjusted differences among proportions.
Multivariate logistic regression models were used to
evaluate differences between the attitudes of physicians
of different age and medical students controlling for sex.
For two items, physicians were asked what they actually
do whereas medical students were asked what physicians
should do. Thus, although they measured similar con-
structs, direct statistical comparisons of student and
physician responses to these two items were not per-
formed. The Bonferroni method was used to correct for
multiple comparisons by dividing our original α of 0.05
by the number of analyses we performed (n = 120),
rounded to three decimal points. In this manner, we spe-
cified significance at p < 0.001 using two-sided testing.
Analyses were performed using SAS version 9.3 (SAS
Inc., Cary NC).
Results
As previously reported, 2556/3897 (65%) practicing phy-
sicians [28] and 3395/5992 (57%) medical students
responded. [25] The sex and age of physician and med-
ical student respondents were similar to those of the
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overall samples [14, 25, 28] and to U.S. physicians [37]
and medical students [38] in general. Specifically, phys-
ician respondents were 70% male (1784/2556) compared
to 70% (2742/3897) of the overall sample, and student
respondents were 49% male (1428/3395) compared to
51% (3049/5992) of the overall sample. Fourteen percent
(350/2556) of physician respondents were age 30 to 40
years, 33% (833/2556) were age 41 to 50 years, 38%
(962/2556) were age 51 to 60 years, and 16% (411/2556)
were over 60 years at the time of survey administration,
whereas 90% (2657/2958) of medical student respon-
dents were 30 years old or younger.
Attitudes toward cost-conscious care
As shown in Table 1, physician attitudes toward
cost-conscious care differed by age for only one of the
nine survey items. Specifically, younger physicians were
more likely to moderately or strongly agree that doctors
are too busy to worry about the costs of tests and proce-
dures (p < 0.001). Otherwise, the attitudes of physicians
were similar across age groups.
However, when the attitudes of physicians were com-
pared with those of medical students, there were several
significant differences (Table 1). Medical students were
more likely to moderately or strongly agree that cost to
society should be important in physician decisions to
use or not to use an intervention (p < 0.001) and to agree
with the concept of rationing (i.e., that physicians should
sometimes deny beneficial but costly services to certain
patients because resources should go to other patients
who need them more; p < 0.001). Students were also
more likely to agree that trying to contain costs is the re-
sponsibility of every physician (p < 0.001) and that physi-
cians should take a more prominent role in limiting the
use of unnecessary tests (p < 0.001), though rates of
agreement with these statements were high across all
groups. Conversely, students were less likely than physi-
cians to moderately or strongly agree that it is unfair to
ask physicians to be cost-conscious and still keep the wel-
fare of their patients foremost in their minds (p < 0.001)
and that practicing cost-conscious care will undermine pa-
tients’ trust in physicians (p < 0.001).
Nearly all medical students agreed that physicians
should be aware of the costs of the tests or treat-
ments they recommend (2920/3000, 97%), yet only
76% (1863/2446) of physicians (across all ages) indi-
cated that they are actually aware of these costs. Only
22% (652/2997) of students agreed that physicians
should try not to think about the cost to the health-
care system when making treatment decisions,
whereas 41% (1012/2449) of physicians (across all
ages) agreed that they actually do this.
Despite these differences, the majority of both stu-
dents and physicians of all ages agreed that physicians
should be solely devoted to individual patients’ best in-
terests even if that is expensive and disagreed that the
cost of a test or medication is only important if the pa-
tient has to pay for it out of pocket.
Perceived responsibility for reducing costs of care
As shown in Table 2, younger physicians attributed more
responsibility for reducing healthcare costs to health in-
surance companies than older physicians (p < 0.001). The
responsibility attributed to other entities was otherwise
similar across physician age groups.
However, when physician perceptions were compared
with those of medical students, there were again a number
of significant differences (Table 2). Specifically, students
attributed more responsibility to health insurance com-
panies, hospitals and health systems, pharmaceutical and
device manufacturers, government, physician professional
societies, and employers than physicians (all p < 0.001)
and less responsibility to trial lawyers and patients (both
p < 0.001). Despite these differences, a similar proportion
of students and physicians (across all age groups) agreed
that individual practicing physicians have a major respon-
sibility for reducing healthcare costs.
Sensitivity analyses
As the proportion of male respondents was overall
much higher among physician respondents than
student respondents (1784/2556, 70% vs. 1428/3395,
49%; p < 0.001), we repeated our analyses controlling
for sex. As shown in Tables 1 and 2, significant dif-
ferences between comparison groups persisted for all
but one survey item (fewer physicians age 41 to 50
attributed major responsibility for reducing healthcare
costs to individual practicing physicians compared to
the other groups, p < 0.001 after controlling for sex).
Because the youngest group of physicians (those age
30–40 years) were most proximate to medical students in
age and stage of training and most similar to students with
respect to sex (190/350, 54% vs. 1428/3395, 49%; p = 0.04),
we repeated statistical comparisons including only these
two groups. As shown in Table 3, the attitudes of
medical students still differed significantly from those
of the youngest physicians for six of the nine survey
items (all p < 0.001), and all but one of these differ-
ences persisted after controlling for sex. Students also
still attributed more responsibility to hospitals and
health systems, government, physician professional so-
cieties, and employers (all p < 0.001) and less respon-
sibility to trial lawyers and patients (both p < 0.001)
than the youngest physicians (Table 4). These differ-
ences also persisted after controlling for sex.
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Discussion
To our knowledge, this is the first large, national study
to analyze age-based differences in U.S. physician atti-
tudes toward cost-conscious care and examine differ-
ences based on stage of training (practicing physicians
vs. medical students). We found that physician attitudes
generally did not differ by age, suggesting that higher
costs among younger physicians may be driven by other
factors, such as treating patients with more expensive
ailments or greater discomfort with uncertainty, [27]
and that receptivity to cost containment efforts may be
similar across physician age groups.
While physician attitudes toward cost-conscious
care generally did not differ by age, we found a num-
ber of significant differences between physicians and
medical students. When compared to physicians, stu-
dents were more accepting of cost-conscious care,
were more comfortable with the concept of rationing
(i.e. denying beneficial but costly services to certain
patients because resources should go to other patients
who need them more), and attributed more responsi-
bility for reducing costs to organizations and systems
rather than individuals. Nearly all these differences
persisted after controlling for sex and even when
responses from only the youngest physicians (those
most proximate to medical students in age and career
stage) were included.
There are many potential explanations for these find-
ings. First, the attitudes of practicing physicians and
medical students may reflect a cohort effect. The phys-
ician respondents in this study were from either the
Baby Boomer generation (those over age 50) or Gener-
ation X (those age 30 to 50), whereas most medical stu-
dents were age 30 or younger, putting them in the
Millennial generation. [39] Compared to preceding gen-
erations, Millennials have a greater affinity for teams.
[40] They tend to be more assertive, globally minded,
and motivated to tackle big social issues. [41, 42] Millen-
nial students have also experienced a healthcare environ-
ment that is very different from the one many physicians
experienced during their training and are entering medi-
cine at a time of record high tuition fees and education
debt. [43] This may make them more sensitive to issues
of cost, as has been previously suggested. [30] These
characteristics and experiences may make Millennials
more systems-oriented than their predecessors and more
predisposed to addressing the problem of healthcare
costs.
Table 2 Perceived Responsibility for Reducing Healthcare Costs among U.S. Practicing Physicians and Medical Studentsa
Entities with potential
responsibility to reduce
costs of health care
Major responsibility, n (%)b
Practicing physicians (n = 2556) Medical students (n = 3395)
Age > 60
years
(n = 411)
Age 51–
60 years
(n = 962)
Age 41–
50 years
(n = 833)
Age 30–
40 years
(n = 350)
p-value All yearse
(n = 3395)
p-value
Unadjustedc Adjusted
for sexd
Unadjustedc Adjusted
for sexd
Health insurance companies 224/385
(58)
494/920
(54)
499/804
(62)
222/337
(66)
< 0.001 < 0.001 2166/2933
(74)
< 0.001 < 0.001
Hospitals and health systems 226/383
(59)
528/917
(58)
437/803
(54)
182/336
(54)
0.32 0.44 2297/2930
(78)
< 0.001 < 0.001
Pharmaceutical and device
manufacturers
217/385
(56)
506/921
(55)
458/803
(57)
196/336
(58)
0.70 0.003 1971/2932
(67)
< 0.001 < 0.001
Government 186/382
(49)
400/919
(44)
333/803
(41)
154/336
(46)
0.11 0.14 1886/2932
(64)
< 0.001 < 0.001
Physician professional societies 119/381
(31)
256/917
(28)
207/801
(26)
85/334
(25)
0.21 0.28 1218/2933
(42)
< 0.001 < 0.001
Employers 81/380
(21)
177/917
(19)
143/798
(18)
56/334
(17)
0.39 0.45 860/2925
(29)
< 0.001 < 0.001
Trial lawyers 220/383
(57)
557/914
(61)
486/803
(61)
187/333
(56)
0.34 0.50 954/2918
(33)
< 0.001 < 0.001
Patients 203/381
(53)
477/920
(52)
413/803
(51)
172/335
(51)
0.94 0.03 706/2929
(24)
< 0.001 < 0.001
Individual practicing physicians 153/379
(40)
359/919
(39)
257/804
(32)
120/336
(36)
0.007 < 0.001 1171/2933
(40)
0.001 < 0.001
aPhysicians (surveyed in mid-2012) and medical students (surveyed in early 2015) and were asked to rate the degree of responsibility (if any) each entity should
have in reducing healthcare costs using a three-point scale (1 = no responsibility, 2 = some responsibility, 3 = major responsibility)
bPercentages not all based on a denominator of 350 (for physicians age 30–40 years), 833 (for physicians age 41–50 years), 962 (for physicians age 51–60 years),
411 (for physicians age > 60 years), or 3395 (for students) because of missing responses to some survey items
cPearson Chi square test; p-values < 0.001 considered statistically significant
dMultivariate logistic regression controlling for sex; p-values < 0.001 considered statistically significant
eMost medical students were age 30 or younger (2657/2958, 90%)
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Second, medical education has changed a great deal
over the past decade, and medical student attitudes may
in part reflect these changes. For example, topics such as
systems-based practice, healthcare economics, and
cost-conscious care are increasingly common in medical
school curricula, [44, 45] and the number of joint Med-
ical Doctor / Master of Business Administration pro-
grams in the US has grown from 6 to 65 over the past
20 years. [46] These changes are intended to better equip
students to meet the needs of society, including the
problem of rising healthcare costs. Conversely, prac-
ticing physicians may have received little or no formal
training in such topics. Thus, these physicians may not
be optimally positioned to reinforce what students are
learning in their formal curriculum or equip students
with the knowledge, attitudes, and skills they need to
provide cost-conscious care.
Third, medical student attitudes may reflect an elem-
ent of naivety, as students have yet to fully experience
the realities of day-to-day practice for a physician with
its accompanying pressures and complexities. [47] For
example, it may be much easier for a student to agree
with the concept of rationing (i.e. denying beneficial but
costly services to certain patients because resources
should go to other patients who need them more) when
they have not yet been in the position of making such a
decision or delivering such a message to patients. Prac-
ticing physicians, on the other hand, actually carry the
weight of responsibility for patient care and are more
familiar with their own limitations and the limitations of
the healthcare system, which poses many obstacles to
the practice of cost-conscious care. [48]
From this view, the attitudes of medical students may
be expected to change over time as they become more
engaged in and responsible for patient care. Previous
data suggest medical student attitudes vary little by year
in school. [25] However, we found significant differences
between the attitudes of medical students and the youn-
gest group of practicing physicians, suggesting that resi-
dency may be a particularly critical time in the physician
Table 3 Attitudes of U.S. Practicing Physicians (Age 30–40) and Medical Students toward Cost-Conscious Care
Survey Itema Moderately or Strongly Agree, n (%)b
Practicing physicians Medical students p-value
Age 30–40 years
(n = 350)
All yearsc
(n = 3395)
Unadjustedd Adjusted for sexe
Doctors are too busy to worry about the costs of tests and procedures. 112/342 (33) 995/2947 (34) 0.71 0.76
Trying to contain costs is the responsibility of every physician. 286/342 (84) 2640/2932 (90) < 0.001 0.001
Physicians should take a more prominent role in limiting use of
unnecessary tests.
298/342 (87) 2896/3003 (96) < 0.001 < 0.001
Cost to society should be important in physician decisions to use
or not to use an intervention.
197/342 (58) 2062/2951 (70) < 0.001 < 0.001
Physicians should sometimes deny beneficial but costly services to
certain patients because resources should go to other patients who
need them more.
47/340 (14) 1024/2987 (34) < 0.001 < 0.001
It is unfair to ask physicians to be cost-conscious and still keep the
welfare of their patients foremost in their minds.
158/343 (46) 887/2950 (30) < 0.001 < 0.001
Practicing cost-conscious care will undermine patients’ trust in physicians.f 102/327 (31) 482/2931 (16) < 0.001 < 0.001
Physicians should be aware of the costs of the tests or treatments they
recommend.
239/434 (70) 2920/3000 (97) N/Ag N/Ag
Physicians should try not to think about the cost to the health care
system when making treatment decisions.
143/343 (42) 652/2997 (22) N/Ag N/Ag
Physicians should be solely devoted to individual patients’ best interests,
even if that is expensive.
272/340 (80) 2265/3005 (75) 0.06 0.03
The cost of a test or medication is only important if the patient has to
pay for it out of pocket.
68/343 (20) 399/2951 (14) 0.002 0.001
aSurvey items listed as they appeared in the medical student survey. Unless otherwise indicated, physicians (surveyed in mid-2012) and medical students
(surveyed in early 2015) were asked to indicate their extent of agreement on a four-point Likert scale (1 = strongly disagree, 2 =moderately disagree, 3 =moderately
agree, 4 = strongly agree). Data for medical students are previously published. [17]
bPercentages not all based on a denominator of 350 (for physicians age 30–40 years) or 3395 (for students) because of missing responses to some survey items
cMost medical students were age 30 or younger (2657/2958, 90%)
cPearson Chi square test; p-values < 0.001 considered statistically significant
dMultivariate logistic regression controlling for sex; p-values < 0.001 considered statistically significant
fPhysicians were asked to indicate their extent of agreement with this item by checking a box (checked = agree, unchecked = disagree) as part of a “check all that
apply” question; the denominator for this item represents the number of respondents who checked any box associated with this question
gFor these items, medical students were asked what physicians should do whereas physicians were asked what they actually do. Thus, although survey items
measured similar constructs, direct statistical comparisons of student and physician responses were not performed
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socialization process. Indeed, prior studies have shown
that practice patterns experienced during residency
training are correlated with physicians’ future know-
ledge, [49] attitudes, [50] and behaviors [51] with respect
to cost-conscious care.
Efforts to promote cost-conscious care in graduate
medical education (such as the American College of Physi-
cians High Value Care curriculum, [52] the Teaching Value
and Choosing Wisely challenge, [24] and the Costs of Care
Teaching Value in Healthcare Learning Network [53]) are
already underway. Multifaceted training and socialization
strategies that simultaneously engage practicing physicians,
residents, and medical students, [54] address the systems
within which they operate, [55–57] and emphasize physi-
cians’ primary commitment to patient welfare [58] have
been recommended. Research about what strategies
(e.g., communication methods) and circumstances
(e.g., levels of trust) facilitate or hamper cost conver-
sations between doctors and patients should inform
these efforts. Healthcare payment reform (linking re-
imbursement to value rather than volume), cost trans-
parency, clinical decision support technology, and
utilization reports with benchmarking to peers may
also serve to promote cost-conscious care among
practicing physicians. [4, 13]
If current medical students sustain their positive atti-
tudes toward cost-conscious care, optimism regarding
the future of the high-value, cost-conscious care move-
ment may be in order. Better defining what that does
and does not entail for medical professionalism will be a
key pedagogical task in the coming years. In the mean-
time, efforts to teach cost-conscious care may be able to
focus less on arguing for its importance, which the great
majority of students and physicians now accept, and
more on equipping current and future physicians with
practical strategies for providing cost-conscious care
within the complexities of heterogeneous health systems
and in relation to their simultaneous role as advocates
for individual patients. Medical students can further be
empowered to serve as change agents in their learning
environment by asking questions, challenging assump-
tions, including value in their case presentations, [59]
and approaching the problem of healthcare costs from a
systems perspective. [54] Although students identify the
healthcare team hierarchy as a potential barrier, many
nevertheless indicate they would be comfortable broach-
ing the topic of high-value, cost-conscious care with
their team. [54] Some schools have even formalized this
role by enlisting medical students to serve as “High
Value Care Officers” for their inpatient teams. [60]
The generalizability of these results is supported by
strong response rates (which reduce concerns about re-
sponse bias) and the inclusion of practicing physicians
and medical students who are geographically distributed
across the U.S. Nevertheless, this study has limitations.
First, although the AMA Masterfile is the most compre-
hensive listing of U.S. physicians, the findings reported
here may not fully reflect the opinions of all U.S. physi-
cians. [28] Similarly, the 10 schools that participated in
the medical student survey were recruited through the
AMA Accelerating Change in Medical Education initia-
tive, [34] so the responses of students from these schools
may not reflect the attitudes of all U.S. medical students.
[25] Second, the physician survey was distributed in
mid-2012, approximately 30 months before the medical
student survey, which was distributed in early 2015. Had
Table 4 Perceived Responsibility for Reducing Healthcare Costs among U.S. Practicing Physicians (Age 30–40) and Medical Studentsa
Entities with potential responsibility
to reduce costs of health care
Major responsibility, n (%)b
Practicing physicians Medical students p-value
Age 30–40 years (n = 350) All yearsc
(n = 3395)
Unadjustedd Adjusted for sexe
Health insurance companies 222/337 (66) 2166/2933 (74) 0.002 0.001
Hospitals and health systems 182/336 (54) 2297/2930 (78) < 0.001 < 0.001
Pharmaceutical and device manufacturers 196/336 (58) 1971/2932 (67) 0.001 < 0.001
Government 154/336 (46) 1886/2932 (64) < 0.001 < 0.001
Physician professional societies 85/334 (25) 1218/2933 (42) < 0.001 < 0.001
Employers 56/334 (17) 860/2925 (29) < 0.001 < 0.001
Trial lawyers 187/333 (56) 954/2918 (33) < 0.001 < 0.001
Patients 172/335 (51) 706/2929 (24) < 0.001 < 0.001
Individual practicing physicians 120/336 (36) 1171/2933 (40) 0.13 0.001
aPhysicians (surveyed in mid-2012) and medical students (surveyed in early 2015) and were asked to rate the degree of responsibility (if any) each entity should
have in reducing healthcare costs using a three-point scale (1 = no responsibility, 2 = some responsibility, 3 = major responsibility)
bPercentages not all based on a denominator of 350 (for physicians age 30–40 years) or 3395 (for students) because of missing responses to some survey items
cMost medical students were age 30 or younger (2657/2958, 90%)
cPearson Chi square test; p-values < 0.001 considered statistically significant
dMultivariate logistic regression controlling for sex; p-values < 0.001 considered statistically significant
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physicians and students been surveyed at the same time,
their responses may have been different. Third, this
cross-sectional study describes physician and student
attitudes at one point in time. Longitudinal studies are
needed to determine if the attitudes of either group
change over time (e.g., if students’ positive attitudes
toward cost-conscious care are sustained during resi-
dency training). Finally, the U.S. healthcare environment
is changing rapidly (e.g., with the signing of the Afford-
able Care Act into law in March, 2010 and subsequent
implementation, modification, or repeal of its various
provisions). These changes may influence the attitudes
of both physicians and students. Thus, attitudes should
not be presumed static, and specific inferences from
cross-sectional data from two different datasets should
be treated with caution.
Conclusions
These limitations notwithstanding, this study demon-
strates that most U.S. practicing physicians and medical
students believe physicians have a responsibility to re-
duce healthcare costs and limit unnecessary testing
while also protecting and promoting the wellbeing of in-
dividual patients. However, medical students are more
accepting of cost-conscious care, even when compared
to the practicing physicians most proximate to them in
age. This may be due to the combined effects of gener-
ational differences, new medical school curricula, stu-
dents’ relative inexperience providing cost-conscious
care within complex healthcare systems, and the rapidly
evolving U.S. healthcare environment. Medical students
may thus have the potential to serve as positive change
agents in their learning environment with respect to
cost-conscious care, and medical educators should en-
sure that students are equipped with the knowledge,
skills, and support they need to play this important role.
Abbreviations
AMA: American Medical Association; U.S.: United States
Acknowledgments
Not applicable.
Funding
This study and the original Medical Student Attitudes Toward and
Experiences with Cost-Conscious Care survey were conducted with financial
support from the American Medical Association (AMA) as part of the Acceler-
ating Change in Medical Education initiative, and all 10 participating medical
schools received grants through this initiative (see www.changemeded.org
for further details). AMA funds awarded to Mayo Medical School were used
to pay for the article processing charge. The content reflects the views of
the authors. The AMA was not involved in the study design, data collection /
analysis / interpretation, writing of the report, or decision to submit this
article for publication.
This study was also supported by the Health Resources and Services
Administration (HRSA) of the U.S. Department of Health and Human Services
(HHS) under grant number UH1HP29965, Academic Units for Primary Care
Training and Enhancement, $3,741,026). This information or content and
conclusions are those of the author and should not be construed as the
official position or policy of, nor should any endorsements be inferred by
HRSA, HHS or the U.S. Government.
The original practicing physician survey study was prepared with financial
support from the Faculty Scholars Program of the Greenwall Foundation
(JCT), Mayo Clinic Program in Professionalism and Ethics JCT), and an Early
Career Development Award from the Mayo Clinic Foundation (JCT). These
funding bodies were not involved in the study design, data collection /
analysis / interpretation, writing of the report, or decision to submit this
article for publication.
Availability of data and materials
Restrictions apply to the availability of the data that support the findings of
this study, which were used under license for the current study, and so are
not publicly available. Data are, however, available from the authors upon
reasonable request and with permission of the American Medical Association
and the relevant medical school(s).
Authors’ contributions
AL, LD, SS, JT, and DR contributed to the study concept and study design.
AL, LD, PG, EB, JG, CM, SG, PC, BM, SG, and TF contributed to the acquisition
of data. AL and JM contributed to analysis of data. AL, LD, SS, JM, and DR
contributed to interpretation of data. AL drafted the manuscript. All authors
reviewed the manuscript and revised it critically for important intellectual
content. All authors read and approved the final manuscript.
Author’s information
Not applicable.
Ethics approval and consent to participate
The Mayo Clinic Institutional Review Board and the National Institutes of
Health Clinical Center’s Office of Human Subjects Research Protection
deemed Physicians, Healthcare Costs, and Society survey study exempt.
Names of the ethics committees for the medical student survey (with
reference numbers and date of approval/exemption) are listed below:
Warren Alpert Medical School of Brown University Institutional Review Board;
review not required given approval by Mayo Clinic Institutional Review
Board, 9/2/2014.
East Carolina University and Medical Center Institutional Review Board,
UMCIRB 13–002004, 10/1/2014.
University of California, San Francisco Institutional Review Board, 14–14,833,
10/8/2014.
University of California, Davis Institutional Review Board, 703,042–1, 1/22/
2015.
Indiana University Institutional Review Board, 1,408,873,140, 8/22/2014.
Mayo Clinic Institutional Review Board, 14-005115, 7/23/2014.
University of Michigan Institutional Review Board, HUM00095266, 12/2/2015.
Oregon Health & Science University Institutional Review Board, #11026, 9/6/
2014.
Pennsylvania State University Institutional Review Board, STUDY00000773, 8/
28/2014.
Vanderbilt University Institutional Review Board, 150,073, 1/19/2015.
Participant consent was implied upon survey completion.
Consent for publication
Not applicable.
Competing interests
ANL declares no competing interests.
LND declares no competing interests.
SRS declares no competing interests.
JM declares no competing interests.
JCT reports a grant from Greenwall Foundation during the conduct of the
study.
PG declares no competing interests.
EGB declares no competing interests.
JDG declares no competing interests.
CM reports royalties from McGraw-Hill for authoring the textbook Under-
standing Value-Based Healthcare, outside the present work.
SDG declares no competing interests.
PAC declares no competing interests.
BMM declares no competing interests.
Leep Hunderfund et al. BMC Medical Education          (2018) 18:275 Page 9 of 11
SJG declares no competing interests.
TLF reports a grant from the Health Resource Services Administration during
the conduct of the study.
MKW declares no competing interests and was not involved in the decision
to support the medical student survey during his time at the AMA.
DAR declares no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Neurology, Mayo Clinic, 200 First Street SW, Rochester, MN 55905, USA.
2Medical education and medicine, Mayo Clinic, 200 First Street SW,
Rochester, MN 55905, USA. 3Science of Health Care Delivery Education, Mayo
Clinic School of Medicine, Mayo Clinic, 200 First Street SW, Rochester, MN
55905, USA. 4Biostatistics and Neurology, Mayo Clinic, 200 First Street SW,
Rochester, MN 55905, USA. 5Biomedical ethics, Mayo Clinic, 200 First Street
SW, Rochester, MN 55905, USA. 6Family medicine and medical science,
Warren Alpert Medical School, Brown University, 222 Richmond Street,
Providence, RI 02903, USA. 7Family medicine, Brody School of Medicine, East
Carolina University, 600 Moye Blvd, Greenville, NC 27834, USA. 8Medicine and
public health sciences and associate dean for health systems education,
Pennsylvania State University College of Medicine, 500 University Drive,
Hershey, PA 17033, USA. 9Division of Hospital Medicine, and director, Caring
Wisely Program, University of California San Francisco, San Francisco,
California, USA. 10Dell Medical School at the University of Texas at Austin,
1501 Red River Road, Health Learning Building, Austin, TX 78701, USA.
11Internal medicine and health management, Center for Bioethics and Social
Sciences in Medicine, University of Michigan, 500 South State Street, Ann
Arbor, MI 48109, USA. 12Family medicine and of public health and
preventative medicine, Oregon Health & Science University, 3181 SW Sam
Jackson Park Rd, Portland, OR 97239, USA. 13Medical education and
administration, professor of clinical surgery, associate vice chancellor for
health affairs, and senior associate dean for health sciences education,
Vanderbilt University, 2201 West End Ave, Nashville, TN 37235, USA. 14Clinical
medicine, Department of Medicine, Indiana University School of Medicine,
340 W 10th St 6200, Indianapolis, IN 46202, USA. 15Division of General
Medicine, Medicine and associate dean for workforce innovation and
community engagement, University of California Davis School of Medicine,
4610 X Street, Sacramento, CA 95817, USA. 16Internal medicine, Center for
Bioethics and Humanities at the University of Colorado Denver, 1250 14th
Street, Denver, CO 80204, USA. 17Medical education and medicine, Mayo
Clinic School of Medicine, Mayo Clinic, 200 First Street SW, Rochester, MN
55905, USA.
Received: 15 February 2018 Accepted: 14 November 2018
References
1. Hood VL, Weinberger SE. High value, cost-conscious care: an international
imperative. Eur J Intern Med. 2012;23:495–8.
2. Centers for Medicare & Medicaid Services. National Health Expediture Data
Fact Sheet. https://www.cms.gov/research-statistics-data-and-systems/
statistics-trends-and-reports/nationalhealthexpenddata/nhe-fact-sheet.html.
Accessed 13 January, 2017.
3. Keehan SP, Cuckler GA, Sisko AM, et al. National health expenditure
projections, 2014-2024: spending growth faster than recent trends. Health
Aff (Millwood). 2015;34:1407–17.
4. American College of Physicians. Controlling health care costs while
promoting the best possible health outcomes. https://www.acponline.org/
acp_policy/policies/controlling_healthcare_costs_2009.pdf. Published 2009.
Accessed 2 June, 2017.
5. de Souza JA, Yap BJ, Wroblewski K, et al. Measuring financial toxicity as a
clinically relevant patient-reported outcome: the validation of the
COmprehensive score for financial toxicity (COST). Cancer. 2017;123:476–84.
6. JPMorgan Chase & Co. Institute. Coping with costs: big data on expense
volatility and medical payments. https://www.jpmorganchase.com/
corporate/institute/report-coping-with-costs.htm. Published February, 2017.
Accessed 2 June, 2017.
7. Weinberger SE. Providing high-value, cost-conscious care: a critical seventh
general competency for physicians. Ann Intern Med. 2011;155:386–8.
8. Institute of Medicine. The healthcare imperative: lowering costs and
improving outcomes. Washington DC: National Academies Press; 2010.
9. Shah N. Physicians' role in protecting patients' financial well-being. Virtual
Mentor. 2013;15:162–6.
10. Moriates C, Shah NT, Arora VM. First, do no (financial) harm. JAMA. 2013;310:
577–8.
11. Mongan JJ, Ferris TG, Lee TH. Options for slowing the growth of health care
costs. N Engl J Med. 2008;358:1509–14.
12. Association of American Medical Colleges. Price transparency in teaching
Hospitals https://www.aamc.org/initiatives/pricetransparency/. Accessed 13
January, 2017.
13. Centers for Medicare & Medicaid Services. https://www.cms.gov/Medicare/
Quality-Initiatives-Patient-Assessment-Instruments/Value-Based-Programs/
Value-Based-Programs.html. Accessed 13 January, 2017.
14. Cooke M. Cost consciousness in patient care--what is medical education's
responsibility? N Engl J Med. 2010;362:1253–5.
15. Morgan DJ, Brownlee S, Leppin AL, et al. Setting a research agenda for
medical overuse. BMJ. 2015;h4534:351.
16. Morgan DJ, Leppin AL, Smith CD, Korenstein D. A practical framework for
understanding and reducing medical overuse: conceptualizing overuse
through the patient-clinician interaction. J Hosp Med 2017;12:346–351.
17. PerryUndum Research/Communication; for ABIM Foundation. Unnecessary
Tests and Procedures in the Health Care System: What Physicians Say About
the Problem, the Causes, and the Solutions: Results From a National Survey
of Physicians. http://www.choosingwisely.org/wp-content/uploads/2015/04/
Final-Choosing-Wisely-Survey-Report.pdf. Published May 1, 2014. Accessed
July 8, 2016.
18. Cutler D, Skinner JS, Stern AD, Wennberg DE. Physician Beliefs and Patient
Preferences:A New Look at Regional Variation in Health Care Spending.
NBER WorkingPaper No. 19320. Cambridge, MA: National Bureau of
Economic Research; 2013. http://www.nber.org/papers/w19320. Published
2013. Accessed 1 June, 2017.
19. Pearson SD, Goldman L, Orav EJ, et al. Triage decisions for emergency
department patients with chest pain: do physicians’ risk attitudes make the
difference? J Gen Intern Med. 1995;10:557–64.
20. Tubbs EP, Elrod JA, Flum DR. Risk taking and tolerance of uncertainty:
implications for surgeons. J Surg Res. 2006;131:1–6.
21. Zaat JO, van Eijk JT. General practitioners’ uncertainty, risk preference, and
use of laboratory tests. Med Care. 1992;30:846–54.
22. Mehrotra A, Reid RO, Adams JL, et al. Physicians with the least experience
have higher cost profiles than do physicians with the most experience.
Health Aff (Millwood). 2012;31:2453–63.
23. Association of American Medical Colleges. The complexities of physician
supply and demand: projections from 2013 to 2025. https://www.aamc.org/
download/426248/data/
thecomplexitiesofphysiciansupplyanddemandprojectionsfrom2013to2.pdf.
Published March 2015. Accessed 19 Nov 2018.
24. Shah N, Levy AE, Moriates C, Arora VM. Wisdom of the crowd: bright ideas
and innovations from the teaching value and choosing wisely challenge.
Acad Med. 2015;90:624–8.
25. Leep Hunderfund AN, Dyrbye LN, Starr SR, et al. Role-modeling and regional
healthcare intensity: a multisite survey of US medical student attitudes and
experiences with cost-conscious care. Acad Med. 2016. May 17; [Epub
ahead of print].
26. Cruess RL, Cruess SR, Boudreau JD, Snell L. Steinert Y. a schematic
representation of the professional identity formation and socialization of
medical students and residents: a guide for medical educators. Acad Med.
2015;90:718–25.
27. Goold SD, Hofer T, Zimmerman M, Hayward RA. Measuring physician
attitudes toward cost, uncertainty, malpractice, and utilization review. J Gen
Intern Med. 1994;9:544–9.
28. Tilburt JC, Wynia MK, Sheeler RD, et al. Views of US physicians about
controlling health care costs. JAMA. 2013;310:380–8.
29. Kirchhoff AC, Hart G, Campbell EG. Rural and urban primary care physician
professional beliefs and quality improvement behaviors. J Rural Health.
2014;30:235–43.
30. Dugger RA, El-Sayed AM, Messina C, Bronson R, Galea S. The health policy
attitudes of American medical students: a pilot survey. PLoS One. 2015;10:
e0140656.
Leep Hunderfund et al. BMC Medical Education          (2018) 18:275 Page 10 of 11
31. Antiel RM, James KM, Egginton JS, et al. Specialty, political affiliation, and
perceived social responsibility are associated with U.S. physician reactions to
health care reform legislation. J Gen Intern Med. 2014;29:399–403.
32. Ryskina KL, Halpern SD, Minyanou NS, Goold SD, Tilburt JC. The role of
training environment care intensity in US physician cost-consciousness.
Mayo Clin Proc. 2015;90:313–20.
33. American Medical Association. Physician Masterfile. http://www.ama-assn.
org/ama/pub/about-ama/physician-data-resources/physician-masterfile.page.
Accessed 13 January, 2017.
34. American Medical Association Accelerating Change in Med Educ Initiative.
www.changemeded.org. Accessed 13 January, 2017.
35. Hurst SA, Slowther AM, Forde R, et al. Prevalence and determinants of
physician bedside rationing: data from Europe. J Gen Intern Med. 2006;21:
1138–43.
36. American Association for Public Opinion Research. Standard Definitions:
Final Dispositions of Case Codes and Outcome Rates for Surveys. 8th ed.
Lenexa, KS: AAPOR; 2015.
37. Young A, Chaudhry HJ, Pei X, Halbesleben K, Polk DH, Dugan M. A census
of actively licensed physicians in the United States, 2014. J Med Reg. 2015;
101:8–23.
38. Association of American Medical Colleges. U.S. medical student applications
and matriculants by school, state of legal residence, and sex, 2014. https://
www.aamc.org/data/facts/applicantmatriculant/. Accessed 15 May 2015.
39. Strauss W, Howe N. Generations: The History of America’s Future, 1584 to
2069. 1st ed. New York, NY: William Morrow and Company, Inc; 1991:544.
40. Borges NJ, Manuel RS, Elam CL, Jones BJ. Differences in motives between
millennial and generation X medical students. Med Educ. 2010;44:570–6.
41. Twenge JM. Generational changes and their impact in the classroom:
teaching generation me. Med Educ. 2009;43:398–405.
42. Zogby J, Kuhl JS. In: Zogby J, Kuhl JS, editors. First globals: understanding,
managing, & unleashing the potential of our millennial generation; 2013.
43. Youngclaus J, Fresne J. Trends in cost and debt at U.S. medical schools
using a new measure of medical school cost of attendance. Association of
American Medical Colleges. 2012;12:1–2.
44. Dekhtyar GJDM, Starr SR, et al. Healthcare delivery science curricula in
undergraduate medical education: identifying and defining a potential
curricular framework. Acad Med. 2017;92:123–31.
45. Gonzalo JD, Baxley E, Borkan J, Dekhytar M, et al. Priority areas and potential
solutions for successful integration and sustainment of health systems
science in undergraduate medical education. Acad Med. 2017;92:63–9.
46. Goyal R, Aung KK, Oh B, Hwang TJ, Besancon E, Jain SH. AM last page.
Survey of MD/MBA programs: opportunities for physician management
education. Acad Med. 2015;90:121.
47. Sabbatini AK, Tilburt JC, Campbell EG, Sheeler RD, Egginton JS, Goold SD.
Controlling health costs: physician responses to patient expectations for
medical care. J Gen Intern Med. 2014;29:1234–41.
48. American Council on Ethical and Judicial Affairs. Opinion 9.0652 – physician
stewardship of health care resources. 2012 https://www.ama-assn.org/
about-us/council-ethical-judicial-affairs-reports. Accessed 13 January, 2017.
49. Sirovich BE, Lipner RS, Johnston M, Holmboe ES. The association between
residency training and internists' ability to practice conservatively. JAMA
Intern Med. 2014;174:1640–8.
50. Ryskina KL, Halpern SD, Minyanou NS, Goold SD, Tilburt JC. The role of
training environment care intensity in US physician cost consciousness.
Mayo Clin Proc. 2015;90:313–20.
51. Chen C, Petterson S, Phillips R, Bazemore A, Mullan F. Spending patterns in
region of residency training and subsequent expenditures for care provided
by practicing physicians for Medicare beneficiaries. JAMA. 2014;312:2385–93.
52. American College of Physicians. High value care. https://hvc.acponline.org/
index.html. Accessed 13 January, 2017.
53. Costs of Care. http://www.costsofcare.org. Accessed 13 Jan 2017.
54. Tartaglia KM, Kman N, Ledford C. Medical student perceptions of cost-
conscious care in an internal medicine clerkship: a thematic analysis. J Gen
Intern Med. 2015;30:1491–6.
55. Stammen LA, Stalmeijer RE, Paternotte E, et al. Training physicians to
provide high-value, cost-conscious care: a systematic review. JAMA. 2015;
314:2384–400.
56. Levy AE, Shah NT, Moriates C, Arora VM. Fostering value in clinical practice
among future physicians: time to consider COST. Acad Med. 2014;89:1440.
57. Lesser CS, Lucey CR, Egener B, Braddock CH 3rd, Linas SL, Levinson W. A
behavioral and systems view of professionalism. JAMA. 2010;304:2732–7.
58. DeCamp M, Riggs KR. Navigating ethical tensions in high-value care
education. JAMA. 2016;316:2189–90.
59. Moser EM FS, Huang G, Glod S, Packer C. SOAP-V: applying high-value care
during patient care http://www.costsofcare.org/soap-v-applying-high-value-
care-during-patient-care/. Accessed 13 January, 2017.
60. Muntz MD, Thapa B, Thomas JG, Quirk KL. Third-year medical students as
health value officers: a systematic approach to improving care and reducing
costs. https://www.mededportal.org/icollaborative/resource/3929. Accessed
13 January, 2017.
Leep Hunderfund et al. BMC Medical Education          (2018) 18:275 Page 11 of 11
